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Abstract
Objective:  to  estimate  the  prevalence  of  high  blood  pressure  (BP)  in  schoolchildren,  as  well  as
the  reported  frequency  of  previous  measurements  of  BP  in  these  children,  and  to  identify  high
BP  risk  markers  in  the  sample.
Methods: this  was  a  cross-sectional  study  involving  794  children  aged  6  to  13  years,  enrolled  in
public  elementary  schools.  A  questionnaire  was  given  to  parents/guardians,  consisting  of  peri-
natal,  socioeconomic  data,  and  information  on  previous  measurements  of  BP  in  these  children.
Anthropometric  measurements  included  weight,  height,  waist,  hip,  and  arm  and  neck  circum-
ference,  in  addition  to  the  three  BP  measurements.  Classiﬁcation  of  BP  levels  was  carried  out
according  to  current  international  recommendations,  established  in  2004.
Results: the  prevalence  of  high  BP  (hypertension  or  prehypertension)  was  7%.  Only  21.7%  of
children  had  previously  undergone  BP  measurements.  The  odds  ratio  of  high  BP  among  children
with  and  without  overweight  was  2.9  (95%  CI  =  1.7  to  5.0,  p  <  0.001).  None  of  the  anthropometric
measurements  was  superior  to  the  Z-score  of  BMI  as  a  predictor  of  high  BP.  History  of  hyperten-
sion  during  pregnancy  (p  <  0.001),  prematurity  (p  =  0.006),  maternal  hypertension  (p  =  0.01),  and
paternal  hypertension  (p  =  0.008)  were  also  correlated  with  the  presence  of  high  BP  in  children.
Conclusions:  overweight  and  family  history  constitute  the  main  risk  markers  of  high  BP  in
children. The  low  frequency  of  BP  measurement  in  children  observed  in  this  municipality
contributes to  the  underdiagnosis  of  the  disease,  with  irreversible  consequences  for  these
individuals.
©  2013  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  
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PALAVRAS-CHAVE
Hipertensão  arterial;
Crianc¸as;
Obesidade;
Marcador  de  risco
Evidências  de  subdiagnóstico  e  marcadores  de  risco  de  pressão  arterial  elevada  em
crianc¸as  de  6  a  13  anos
Resumo
Objetivo:  estimar  a  prevalência  de  pressão  arterial  (PA)  elevada  em  escolares,  assim  como  a
frequência  relatada  de  aferic¸ão  prévia  da  PA  nessas  crianc¸as.  Identiﬁcar  marcadores  de  risco
de  PA  elevada  na  amostra.
Métodos: estudo  transversal  envolvendo  794  crianc¸as  de  6  a  13  anos,  matriculadas  no  ensino
público fundamental.  Questionário  entregue  aos  pais,  com  informac¸ões  perinatais,  sócio-
econômicas  e  sobre  aferic¸ão  prévia  da  PA  nas  crianc¸as.  Avaliac¸ão  antropométrica:  peso,  altura,
circunferências  abdominal,  de  quadril,  braquial  e  cervical,  além  das  três  aferic¸ões  da  pressão
arterial.  Classiﬁcac¸ão  dos  níveis  pressóricos  conforme  as  recomendac¸ões  internacionais  atuais,
estabelecidas  em  2004.
Resultados: a  prevalência  de  PA  elevada  (hipertensão  ou  pré-hipertensão)  foi  de  7%.  Apenas
21,7% das  crianc¸as  haviam  sido  previamente  submetidas  a  aferic¸ões  de  PA.  A  razão  de  chances
de  PA  elevada  entre  crianc¸as  com  e  sem  excesso  de  peso  foi  de  2,9  (IC  95%  =  1,7  a  5,0,  p  <  0,001).
Nenhuma  das  medidas  antropométricas  foi  superior  ao  Z  de  IMC  como  preditor  de  PA  elevada.
Histórico  de  hipertensão  na  gestac¸ão  (p  <  0,001),  de  prematuridade  (p  =  0,006),  hipertensão
materna (p  =  0,01)  e  hipertensão  paterna  (p  =  0,008)  também  se  correlacionaram  à  presenc¸a de
PA  elevada  nas  crianc¸as.
Conclusões: excesso  de  peso  e  história  familiar  conﬁguram  como  principais  marcadores  de  risco
de PA  elevada  em  crianc¸as.  A  baixa  frequencia  de  aferic¸ão  da  PA  observada  em  crianc¸as  deste
município  contribui  para  o  subdiagnóstico  da  doenc¸a,  com  consequências  futuras  irreversíveis
para  esses  indivíduos.
© 2013  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  
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ystemic  arterial  hypertension  (SAH)  is  considered  a  public
ealth problem  both  in  Brazil  and  worldwide.  The  early  diag-
osis and  treatment  of  this  disease  are  essential  for  reducing
ssociated cardiovascular  risks.
Until  recently,  SAH  was  considered  nonexistent  in  the
ediatric age  range.  Early  studies  of  normal  range  blood
ressure (BP)  in  children  started  in  the  late  1970s,1 and
ince then,  several  reviews  have  been  performed.2--4 The
urrently used  references  were  developed  by  The  National
igh Blood  Pressure  Education  Program  of  the  United  States
n 2004,  establishing  the  50th,  90th,  95th,  and  99th  per-
entiles, adjusted  according  to  gender,  age,  and  height
ercentiles, and  deﬁning  that  values  of  systolic  BP  (SBP)
nd/or diastolic  BP  (DBP)  are  compatible  with  SAH  when  ≥
5th percentile.4
It  is  estimated  that  over  half  of  cases  of  SAH  in  chil-
ren aged  ≥  7  years  are  of  the  essential  type,  and  there
s evidence  that  SAH  in  adults  may  have  originated  in
hildhood, thus  contributing  to  the  occurrence  of  early
omplications and  adverse  events  in  young  adults.5,6 Addi-
ionally, complications  such  as  left  ventricular  hypertrophy,
ypertensive encephalopathy,  and  cerebrovascular  acci-
ents consequent  to  SAH  have  been  reported  even  in  the
ediatric age  range.7,8
Despite  current  recommendations  for  BP  to  be  assessed
nnually from  age  3  years,4 there  is  evidence  that  underval-
ation and  underdiagnosis  are  predominant  in  many  health
ervices in  Brazil,  resulting  in  irreversible  future  risks  for
hese individuals.9,10
c
ﬁ
aIn  the  state  of  Espírito  Santo,  Brazil,  data  on  the  magni-
ude of  the  problem  of  high  BP  in  children  are  scarce,  and  in
he city  of  Vila  Velha,  they  are  absent.  As  a  result,  little  or
o attention  has  been  given  by  the  public  health  policies  to
his problem,  whose  worldwide  impact  is  increasingly  evi-
ent. Thus,  the  objectives  of  this  study  were  to  estimate
he prevalence  of  elevated  BP  levels  in  children  enrolled
n primary  schools  in  the  city  of  Vila  Velha,  Brazil,  to  esti-
ate the  reported  frequency  of  previous  measurements  of
P in  these  children,  to  identify  anthropometric  predictors
ssociated with  a  higher  risk  of  high  BP,  and  to  evaluate  the
resence of  an  association  between  high  BP  and  socioeco-
omic, perinatal,  and  family  characteristics  in  the  sample.
ethods
he  study  was  approved  by  the  Research  Ethics  Committee
f the  Universidade  Vila  Velha  in  October  of  2011.  It  was
 cross-sectional  study  of  children  enrolled  in  the  munici-
al elementary  school  units  (unidades  municipais  de  ensino
undamental -  UMEFs)  of  Vila  Velha,  the  most  densely  inha-
ited city  in  the  state  of  Espírito  Santo,  Brazil,  in  2012.  The
rst stage  of  sampling  consisted  of  random  selection,  by
rawing lots,  of  a  school  from  each  of  the  ﬁve  political-
eographical regions  of  the  city.  In  the  second  stage,  an
nsystematic selection  of  students  from  each  school  was
erformed, according  to  their  adherence  to  the  study  and
onsent from  parents  or  guardians.
The  unsystematic  rather  than  random  selection  is  justi-
ed by  exhaustive  attempts  at  randomization,  which  were
bandoned due  to  the  difﬁculty  in  obtaining  informed
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Table  1  General,  socioeconomic,  and  family  characteris-
tics of  the  sample  of  children  aged  6  to  13  years  from  Vila
Velha, ES,  Brazil.
n  794
Gender (F:M)a 390:404
Age (years)b 8.8  ±  1.6
Mean  monthly  family  income  (R$)b 13740  ±  5220
Monthly  family  per  capita  income  (R$)b 3320  ±  2240
Parent’s  level  of  schooling  (years)b 9.1  ±  3.0
Number  of  siblingsb 1.6  ±  1.0
Family  history  of  SAH 54%
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consent  from  the  parents  or  guardians.  With  the  objective
of obtaining  greater  homogenization  of  the  sample  in  terms
of age,  children  younger  than  6  or  older  than  13  years,  who
accounted for  less  than  2%  of  the  enrolled  children,  were
excluded.
Sample size  calculation  was  performed  by  using  Statcalc
Epi Info,  release  6.04.  The  following  were  considered  in  the
calculation: number  of  students  enrolled  in  UMEFs  in  the
study year,  mean  prevalence  of  SAH  in  children  of  4%,11 abso-
lute error  of  2%,  conﬁdence  interval  of  95%,  statistical  power
of 80%,  and  design  effect  of  2,  resulting  in  730  children.  In
order to  account  for  eventual  losses,  the  ﬁnal  number  was
rounded to  800.
The  selected  children  underwent  measurements  of
height, weight,  and  arm,  abdominal,  hip,  and  neck
circumferences, in  addition  to  BP  measurements.  All  mea-
surements were  performed  in  duplicate  or  triplicate  by  the
same team,  trained  in  anthropometric  techniques  in  order
to control  measurement  and/or  equipment  reading  errors.
Measurements  of  height  were  performed  using  a  portable
stadiometer graduated  from  20  to  200  cm,  with  scale  accu-
racy of  0.1  cm;  the  mean  of  three  consecutive  measurements
was used.  The  child  was  placed  in  the  standing  position,
without shoes,  with  hips  and  shoulders  perpendicular  to  the
central axis  of  the  body,  heels  ﬁrmly  planted  on  the  ground,
knees close  together  and  extended,  relaxed  arms,  and  head
in the  Frankfurt  plane.  Body  weight  was  determined  through
a digital  anthropometric  scale  graded  from  0  to  150  kg  with
a resolution  of  0.05  kg.  The  body  mass  index  (BMI)  was  calcu-
lated by  the  quotient  of  body  mass  in  kg  by  height  in  meters
squared (m2).
All circumference  measurements  were  performed  using
an inelastic  measurement  tape.  Abdominal  circumference
was measured  as  recommended  by  the  I  Brazilian  guidelines
for metabolic  syndrome,  halfway  between  the  iliac  crest
and the  lower  costal  margin.  The  hip  measurement  was  per-
formed in  the  horizontal  plane,  at  the  point  of  maximum
circumference of  the  buttocks,  with  the  individual  in  the
standing position  and  feet  placed  together.  The  arm  circum-
ference was  measured  at  midpoint  between  the  acromion
and the  elbow,  with  the  arm  ﬂexed  at  90  degrees  with  the
forearm. The  neck  circumference  was  measured  having  as
reference a  horizontal  line  at  the  level  of  half  of  the  thyroid
cartilage, with  the  neck  in  neutral  position.12
BP  was  measured  in  the  right  arm  with  a  cuff  of  appro-
priate size  for  the  arm  dimensions,  with  the  child  seated
with the  arm  at  the  same  level  of  the  heart,  according  to
the recommendations  of  the  Fourth  Report  on  the  Diagnosis,
Evaluation, and  Treatment  of  High  Blood  Pressure  in  Chil-
dren and  Adolescents.4 After  the  child  had  remained  at  rest
for 5  min  in  the  sitting  position,  three  measurements  were
performed with  a  3-minute  interval  between  them.  Initially,
the measurement  was  performed  by  palpation,  followed  by
measurements by  auscultation  using  an  aneroid  sphygmo-
manometer.
For BP  classiﬁcation,  the  following  were  considered:  age,
gender, and  height  percentile,  according  to  the  National
High Blood  Pressure  Education  Program  of  the  United  States,
established in  19872 and  updated  in  2004.4 Children  with
mean SBP  and/or  DBP  ≥  the  95th  percentile  for  gender,
age, and  height  were  classiﬁed  as  having  SAH;  children  with
mean SBP  and/or  DBP  between  the  90th  and  95th  percentiles
p
h
pSAH, systemic arterial hypertension.
a F:M - female:male.
b mean ± SD.
r  > 120/80  mmHg  were  classiﬁed  as  pre-hypertensive;  both
roups were  referred  for  medical  assessment.
Socioeconomic,  family,  and  perinatal  variables  possi-
ly associated  with  the  risk  of  high  BP  in  children  were
ssessed through  written  questionnaires  given  to  parents
r guardians,  who  provided  information  such  as:  hours  per
eek of  regular  physical  activity  performed  by  the  children,
ype of  delivery,  gestational  age,  weight  and  length  at  birth,
uration of  breastfeeding,  age,  weight,  height,  educational
evel and  occupation  of  parents,  family  history  of  SAH,  and
otal and  per  capita  monthly  family  income.  Additionally,
arents or  guardians  were  asked  about  the  frequency  of
outine annual  pediatric  visits  and  the  occurrence  of  prior
ssessment of  BP  in  the  child  during  these  consultations.
For  statistical  analyses,  measurements  of  height,  weight,
MI and  BP  (systolic  --  SBP  and  diastolic  --  DBP)  were  con-
erted to  Z-scores  (adjusted  for  gender,  age  and,  in  the
ase of  BP,  also  adjusted  for  height  percentile)  according
o international  reference  parameters.4,13
The  sample  was  characterized  regarding  the  distribu-
ion of  gender,  age,  nutritional  status,  and  other  assessed
ariables. Association  analyses  were  conducted  by  tests  of
orrelation (Pearson  or  Spearman  as  appropriate),  as  well
s by  simple  and  multiple  linear  regression  tests  in  order  to
stimate the  independent  inﬂuence  of  the  predictor  varia-
les on  outcomes.  Both  the  adjusted  levels  of  BP  (BP  Z-score,
BP and  DBP)  and  the  individual  classiﬁcation  regarding  BP
evels  as  normal,  borderline,  or  high,  were  used  as  depend-
nt variables.
All statistical  analyses  were  performed  with  SigmaStat
or Windows  (release  3.5,  SPSS,  Inc.  - San  Rafael,  CA);  p-
alues <  0.05  were  considered  statistically  signiﬁcant.
esults
 total  of  794  children  were  evaluated.  The  mean  age
f the  students  was  8.8  ±  1.6  years.  Gender  distribution
as 390  females  (49.1%)  and  404  males  (50.9%).  General,
ocioeconomic, and  family  characteristics  of  the  sample  are
ummarized in  Table  1.
Although  51.3%  of  parents  reported  routine  visits  to  the
ediatrician at  least  once  a  year,  only  21.7%  of  the  children
ad previously  undergone  BP  measurements.
Based  on  the  analysis  adjusted  for  gender,  age  and  height
ercentile, of  the  mean  of  three  BP  measurements,  7%
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Table  2  Blood  pressure  (BP)  levels  (absolute  and  adjusted  for  gender,  age,  and  height  as  Z-scores)  obtained  during  the  ﬁrst,
second,  and  third  measurements  of  BP  in  children  aged  6  to  13  years  from  Vila  Velha-ES.
First  measurement  Second  measurement  Third  measurement
Systolic  BPa 95  (98-103)  95  (90-101)  95  (90-101)
Systolic  BP  Z-scorea -0.4  (-1.0  ±  0.2)  -0.5  (-1.0  ±  0.1)  -0.5  (-1.0  ±  0.1)
Diastolic BPa 60  (57-61)  60  (57-67)  60  (57-67)
Diastolic  BP  Z-scorea +0.2  (-0.2  ±  0.7)  +0.1  (-0.3  ±  0.6)  +0.1  (-0.2  ±  0.6)
a median (p25 -- p75).
Table  3  Distribution  of  independent  variables  in  patients  with  and  without  high  blood  pressure  (BP).
Variable With  high  BP  Without  high  BP  p
Age  (years)  8.8  ±  1.9  8.8  ±  1.6  nsa
Gender  (F:M)  51%:49%  48%:52%  nsa
Family  history  of  SAH  (%)  65%  53%  nsa
History  of  SAH  in  pregnancy  (%)  32%  14%  0.03
Birth  weight  (g)  2992  ±  717  3221  ±  540  0.01
Z-score  of  BMI  0.7  ±  1.3  0.1  ±  1.1  <  0.001
Abdominal  circumference  (cm)  65.4  ±  13.2  59.3  ±  8.4  <  0.001
Z-score  of  abdominal  circumference  0.9  ±  1.4  0.1  ±  1.2  <  0.001
Waist/hip  ratio  0.9  ±  0.1  0.8  ±  0.1  0.002
Cervical  circumference  (cm)  28.9  ±  3.0  27.5  ±  2.1  <  0.001
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a statistically non-signiﬁcant.
n  =  58)  of  the  children  were  classiﬁed  as  having  high  BP,
% (n  =  31)  were  compatible  with  the  diagnosis  of  SAH,  and
% (n  =  27)  were  consistent  with  a  diagnosis  of  pre-SAH.  No
igniﬁcant differences  were  observed  between  the  BP  levels
 absolute  or  Z-scores  -  when  comparing  the  values  obtained
t the  ﬁrst,  second,  or  third  measurements  (Table  2).
Regarding  the  nutritional  status,  10.8%  (n  =  85)  were
bese, 12.9%  (n  =  102)  were  overweight,  and  3.9%  (n  =  30)
ere underweight.  There  was  a  strong  association  between
he presence  of  overweight  and  high  BP.  Children  with  high
P had  an  average  BMI  Z-score  0.6  SD  higher  than  children
ith Z-score  of  normal  BP  (95%  CI:  0.3  to  0.9,  p  <  0.001,
able 3).  While  14%  of  overweight  children  had  high  BP,  only
% of  children  with  normal  weight  showed  abnormal  BP  lev-
ls  (p  <  0.001).  The  odds  ratio  of  high  BP  among  obese  or
verweight children  and  children  with  normal  or  low  weight
as 2.9  (95%  CI  =  1.7  to  5.0,  p  <  0.001).
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hildren  aged  6  to  13  years  from  Vila  Velha,  ES,  Brazil.Although  the  circumferences  of  the  abdomen,  hip  and
eck have  demonstrated  the  capacity  to  predict  the  pres-
nce of  elevated  BP  (p  <  0.001),  BMI  Z-score  showed  a
reater predictive  capacity  of  predicting  BP  levels  in  these
hildren, both  for  SBP  (p  <  0.001,  R2 =  0.06)  and  for  DBP
p <  0.001,  R2 =  0.04)  (Fig.  1).
Non-anthropometric  variables  signiﬁcantly  associated
ith the  presence  of  high  BP  included  maternal  history
f SAH  during  pregnancy  (p  <  0.001),  history  of  prematu-
ity (p  =  0.006),  maternal  SAH  (p  =  0.01)  and  paternal  SAH
p =  0.008).  In  addition,  children  with  high  BP  showed  signif-
cantly lower  mean  birth  weight  than  children  with  normal
P (Table  3).Multiple linear  regression  analyses  using  the  Z-scores  of
P as  dependent  variables  demonstrated  that  when  the
ariables associated  with  SAH  were  evaluated  together,
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signiﬁcantly  associated  with  the  Z-score  of  SBP,  whereas
the independent  predictors  of  DBP  were  Z-score  of  BMI
(p =  0.03),  male  gender  (p  =  0.01),  and  family  history  of  SAH
(p =  0.01).  These  predictive  models  were  able  to  explain  8%
of  the  variability  of  Z-score  of  the  SBP  and  10%  of  the  vari-
ability of  Z-score  of  DBP.
Multiple  logistic  regression  using  the  presence  or  absence
of high  BP  as  the  dependent  variable,  in  turn,  emphasized
once again  the  important  role  of  the  presence  of  overweight
(p <  0.001,  OR  =  6.4,  95%  CI  =  2.2  to  18.7)  and  family  history
of SAH,  particularly  maternal  SAH  (p  =  0.008,  OR  =  4.9,  95%
CI =  1.5  to  16.2)  in  determining  risk  of  high  BP  in  these  chil-
dren.
Discussion
SAH  in  children  is  a  clinical  condition  that  has  been  unac-
knowledged until  recently,  and  it  is  often  overlooked  in
clinical practice.  Currently,  the  impact  of  early  diagno-
sis is  indisputable,  both  for  the  possibility  of  identifying
secondary causes,  as  well  as  preventing  its  progression  to
adverse cardiovascular  events.  The  public  health  problem
is ampliﬁed  due  to  the  misconception  by  health  profession-
als that  this  disease  is  rare  in  children,  resulting  in  delayed
diagnosis and  lack  of  epidemiological  data  in  most  Brazilian
cities.
The estimated  prevalence  in  this  sample,  7%  of  children
with elevated  BP,  is  signiﬁcant  and  reinforces  the  idea  that
the disease  is  not  as  rare  as  previously  thought.  There  are
few studies  in  Brazil  that  evaluated  this  information  based
on the  most  recent  criteria,  established  in  2004.14 Never-
theless, the  available  studies  presented  results  that  ranged
from 2.7%  to  13.8%  in  children  aged  7  to  12  years,  which  is
similar to  that  observed  in  the  present  study.11,14--16
The  low  frequency  of  previous  measurements  of  BP  in
these children  (21.7%)  is  noteworthy,  which  probably  results
in underdiagnosis,  as  suggested  by  other  authors.11,17--19 It  is
likely related  to  factors  such  as  underdiagnosis  in  the  clinical
setting, as  well  as  the  methodological  complexity  required
for its  diagnosis.19
Regarding  risk  markers,  the  importance  of  factors  such
as the  presence  of  overweight  and  family  history  of  SAH
is noteworthy,  which  demonstrated  consistent  association
with the  presence  of  high  BP  in  these  children  in  the  differ-
ent analyses.  Although  the  identiﬁcation  of  these  markers
may not  be  reproducible  in  other  populations,  and  are  far
from explaining  the  complex  etiopathogenesis  of  this  disor-
der, it  is  important  that  health  professionals  are  aware  of
their presence  to  identify  children  especially  susceptible  to
the disease.
The ﬁndings  regarding  the  association  between  low  birth
weight and  risk  of  high  BP  in  this  sample  corroborate  those  of
recent studies,  which  show  an  inverse  association  between
birth weight  and  future  cardiometabolic  risk  in  general.
Although the  mechanism  of  this  association  is  yet  to  be  clar-
iﬁed, it  is  believed  that  it  may  be  attributable  to  epigenetic
fetal reprogramming  mechanisms,  in  which  the  fetus  alters
certain physiological  set  points  in  response  to  an  adverse
intrauterine environment  caused  by  a  number  of  situations,
such as  maternal  malnutrition,  gestational  hypertension,
smoking, and  others.2069
Regarding  anthropometric  markers  of  risk,  it  is  believed
hat parameters  representative  of  the  fat  distribution  pat-
ern,  such  as  abdominal  circumference,  waist-hip  ratio,  and
ervical circumference,  could  add  information  to  the  iso-
ated assessment  of  BMI,  as  central  distribution  of  fat  is  the
ariable most  correlated  with  cardiovascular  risk.18,21,22 In
he present  sample,  although  all  these  parameters  were  use-
ul as  risk  markers  for  high  BP,  none  was  shown  to  be  superior
o BMI  Z-score,  and  all  of  them  were  directly  related  to  this
arameter, with  no  independent  inﬂuence  when  analyzed  by
ultiple linear  regressions.
In conclusion,  the  presence  of  high  BP  in  children  is  not
s rare  as  previously  thought,  and  overweight  children,  and
hose with  positive  family  history  and/or  low  birth  weight
eserve increased  attention  regarding  the  risk  of  disease.
ow medical  adherence  to  current  recommendations  for
outine assessment  of  BP  in  children  older  than  3  years  is
n issue  that  deserves  special  attention  from  public  health
olicies, since  it  allows  for  underdiagnosis  with  possible
rreversible consequences  for  these  individuals.
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